When the surface of titanium is treated with pulsed plasma jets formed in the electrical explosion of carbon fibers, melting and alloying of the surface layers is observed. These layers contain structure free carbon in the form of disintegrated fiber particles [1] . That struc ture may be further modified by solution of the graphite particles and increase in the titanium carbide content [2] . The result is to increase the microhardness and wear resistance of the carburized surface layers of the titanium alloys, but the structure of the base is coarsened. Accord ingly, it is of interest to use pulsed periodic treatment by high current electron beams to dissolve the graphite particles. Such treatment heats the irradiated surface above the melting point but does not change the struc ture of the alloy at deeper levels. The effectiveness of combined treatment by electroexplosive boroaluminiz ing of the surface of industrial grade VT1 0 titanium and subsequent electron beam treatment was tested in [3] .
In the present work, we analyze the structural gradient and phase composition of the electroexplosive carbur ization zone of VT1 0 titanium after electron beam treatment.
We use industrial grade VT1 0 titanium samples in the form of disks (thickness 5 mm; diameter 20 mm). An EVU 60/10 unit is used for electroexplosive carburiza tion (absorbed power density 6.5 GW/m 2 ; pulse length 100 μs) [1] . The surface is treated by means of a pulsed plasma jet formed from products of the electrical explo sion of LU P/0.1 50 carbon strip. SOLO equipment is used for subsequent electron beam treatment in argon (residual gas pressure in the working chamber 0.02 Pa) [4, 5] . The electron energy is 18 keV; the energy density of the beam is 45 J/cm 2 ; the pulse length is 100 μs; 20 pulses are used at a repetition frequency of 0.3 Hz; the absorbed power density is 4.5 GW/m 2 .
The structure of the treated samples is investigated by thin foil analysis on a transmission electron microscope. The foil is prepared from plates cut parallel to the irradi ated surface at distances of 10-15, 25-30, and 50-60 μm. These values are selected on the basis of prelimi nary structural analysis of transverse sections by optical microscopy ( Fig. 1) . Foil from the treatment surface is also analyzed.
A structure of plate type is observed at the surface. The transverse dimensions of the plates do not exceed 100 nm. The plate volume is characterized by mottled contrast of elements with characteristic dimensions of 10-20 nm. Such contrast indicates the presence of a second phase. Images of the surface layer are shown in Fig. 2 . The annular structure of the electron microdif fraction pattern indicates crystalline nanostructure of the plates. Indexing of the diffraction pattern ( Fig. 2c ) reveals the presence of reflexes of α titanium, titanium carbide, and cubic graphite (lattice parameter a = 0.5545 nm).
Analysis of the structural and phase state of an indi vidual plate shows that it consists of α titanium. Tita nium carbide is present within the plates. Graphite forms layers between the α titanium plates. The basic reflexes in the diffraction pattern (Fig. 2f) obtained from the plate structure (Fig. 2d) belong to the lattices of α titanium and titanium carbide. In the surface layer at a distance of 10-15 μm, we see structure of three different morphological types: plate, grain-subgrain, and cellular structure. The plate struc ture is similar to that at the surface. The plates measure 250-300 nm. Analysis of the corresponding electron microdiffraction pattern indicates that the plates consist of α titanium. The diffraction pattern also includes tita nium carbide reflexes. In the cellular structure (Fig. 3) , the cells measure 0.7-0.8 μm. Analysis of the electron microdiffraction pattern shows that the cells consist of a solid solution based on α titanium (Fig. 3b) . They are separated by layers whose thickness is 200-800 nm. The electron microdiffraction pattern obtained from the lay ers indicates the presence of crystal lattices correspond ing to α titanium and titanium carbide TiC (Fig. 3c) .
At a depth of 25-30 μm, we see a mixed structure in which α titanium grains alternate with dendritic ele ments solidified from the melt. Grains of α titanium predominate (Fig. 4) . The use of dark field analysis ( Fig. 4b) with subsequent indexing of the electron microdiffraction patterns shows that the axes of the dendritic structure are formed by titanium carbide TiC (Fig. 4c) . The regions between the axes consist of α tita nium. The grain size of the α titanium varies widely: from hundreds of nm to a few μm. Besides the granu lar-dendritic structure, this layer also contains grains of α titanium, within which secondary phase deposits are observed-specifically, needle shaped particles in par allel rows (Fig. 4f) pattern from such grains indicates that the acicular par ticles consist of titanium carbide TiC. At a depth of 50-60 μm, grain-subgrain structure is formed. Interlayers appear along the grain boundaries and at their intersections (Fig. 5a ). Dark field analysis with subsequent indexing of the electron microdiffrac tion patterns shows that the interlayers consist of α tita nium and contain titanium carbide particles (Figs. 5b  and 5d ). Those particles are rounded and measure 10-15 nm. In addition, the grains contain acicular titanium carbide particles (Figs. 5e-5g) . The acicular particles resemble those seen at a depth of 25-30 μm (Figs. 4d-4f ). Carbide particles are also seen along the boundaries of the α titanium grains. In that case, they form extended layers (Fig. 6) .
CONCLUSIONS
Layer by layer analysis shows that a multiphase structure of plate type, based on α titanium, is formed down to depths of 10-15 μm in the electroexplosive carburization zone after submillisecond treatment by a high intensity electron beam. Titanium carbide and graphite particles are formed within the plates and along their boundaries. At a depth of 25-30 μm, dendritic structure is formed; the dendrite axes consist of titanium carbide, while α titanium is found between the axes. In this layer, acicular titanium carbide particles are also seen within the grains of α titanium. At a depth of 50-60 μm, grain-subgrain structure is formed, on the basis of α titanium. Titanium carbide particles of different size and type are seen within and along the boundaries of the α titanium grains. 
